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(54) mmcD^m 'j^oA=.'Amm 



(57) [Mi^] 



1 

Bmma^. ixio- = s/cmijA±-e*.5cits:!^»i-r-5 
m^m 1 Jcf5«w 'J ^^-^^ A-:*«?a, 

mm. 

S,, Gaj S3 ±0;5:'5»*^6g«nfci!>;»S:< at 20 

S?^{t#5dt. Li,P04-.N.,/,, Li,SiO,.,N,,/,. Li,GeO 
4-xN!,/» (0<X<4) *5J:tA.i,BO,-,N,,/3 (0<X< 

A: 30MT%£^±65M^%JMTOLi^S:5i- 
B:'J>. ^-r^. :^^m. ^*;i'V->5'A*iJ;CJ<:;yU'^A 

'r:$,^zi:^!^mii-r^m^mnzmm<D*j^OA—A 

1 0 ] mmmmi^. mmmm iiMmmm<D 2 
« J; 0 «^$nTt.i^ t*4#M<»:-r 1 izmm 
(Dij^oM—Amm. 40 

t;ji22jitmWT-Z?, 

mt-r^m^m 1 0 tcss^© u ^^M.-'Amm. 
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i»git-r^W*^i 0{CBHf^®'J9'':>A-^«?ifi. 
A: 30M^%i^±50M^%tiTOLi^5i- 
B: >J > 

[»:^^ 1 5 ] iEm'sm<r)W-^i3'^%mmm(^w3^<D 1 

%JJA±50%J^iT-X?abS;Li:$:it#®i:-rs»*:Sl 0 fcE 
«E<D'J^':7A-:^«?a. 

[W^]S16] IE®fi!lJl«;p*dtl0nniJtl.±25Mni£AT 
T'^bSc:iS:iNfSi[t■r■5if*3Bl 0 ^cfE«0'J?>^7A- 
:i>c«?fi« 

[aS*^ 17] $ 6 JciEffifc >J 5^<i7 A-f :j->e#'tt@ 
[»^31 1 8 ] lEm<r>^m^^=^t>'^. 5}? U 'J 

3fl 1 tcffift® u A-;^:«?a. 

[»^« 1 9 ] IE® ©#«|j«^^*t. L i PF. *3 J: m. i C 

Fs S03©l.i-rn*>'<^U5"'i7Aie^-g-^S-LTl'iS;ii:^i^ 
ticif .SW^^ 1 fcEm® U 5">^ A-:^«?&, 
[iS*^ 2 0 ] iEffi75iSr«l««f^^#W LTliS d t . 

mm^^. mmm.m<DMmsii$-mMn<D u ^^r? a-t 
munizmmT^zizizj^o. mm^i&mzidi^^x^m 

5^'i7A-;^«?ife. 

Mm(Dv^'yA^^mntmm-r^ziiizj:o. semsb 

jfi^(C*3ViTM#:ffr^Ci:S!|$|Si:r-5W*]B2 1 
ie«« 'J g^^; A-^«?fi. 

ftMOU^^-^A^WMifsftg^ftlS-r-SJlttcJcD. 

iBimiz:h<.^Tmmt-r^^i:^^WLt-r^mM2 nz 

ft«i©g5^>^A-&#M!|s|-<!:M)i!!!-ri.^:<i:{CJ:D, SeMSR 
jfi^ic*3t,iTW*i«^?S®)|itS'l4;ei?S5 <t£^Zi: 
•r^«*:^2 1 {Cie««>J5^C7A-^^«?lfe. 
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(ffi*«2 9] Rmaxtt-CO.OltAJi 10 

•511*:^ 1 izmm(Du A— Ammo 

[f»^^3 3] jEfiffi®«-^{C««#:$:Ax.. 'J5^>^ 

izmmmm^m0S:Lfzzt^ii^mi:-r^m^mnzmm. 

[0 0 0 1] 

wJ5^'i'A-:ik«?atcM-r-5t)©T!'a&.5o A^®*^ so 
=¥—^&iim<, 3fe*t«-y-r i'ji'iHF'tttcstife'j^c/A 

[0 0 0 2] 

m^o^^mi w*si«^«*fi6fflbfcU5^'5A-f:j->- 

[0 0 0 3] ^(D^oUU^^OA—'AmmiZlit, #?LK 
[0 0 0 4] Ld^L. WtSI«^;KM. f)V-^^^)-7-m<D 



[0 0 0 5] ^e.{c. mwmMmm.. ^)v^^)-^-m<r) 
miiis-nx^^^, mk\t.. zm\\/ms.*m^-Q, 4oowh 

^grtL-T. :affiKU5^':;A^JIII<£:fieffi-r-5Clt*««ISt 
[0 0 0 6] U5^C7A^W#iPF^ftS.i:-r-5^ 

^> 5te6k^icfijffl$ns'j5^':7A^jii«)P*-*jj:cjf^ 
IScioo-y--f i7j!/ti.jb®iis-y-'f ^ji/-cc:(©:^^d^m 

T<-5, U^^-^A^JBtt^^ffW^^i^iSJr^L-^ 

[0 0 0 7] mmmmm^^t5')^0Am.f&.-Q 

[0 0 0 8] C:C9JS:g^'l4€r«lK.-5^j*tbT, ifcOScM 
I : Affit;^C-5U5^'i7A^®Sr«®MSbTft^#)^* 

[0 0 0 9] 2 : »5£OMHi:7Jc-5#«l«^Sr^*b 

^fs.i£^mmmizm^^^, 

[0 0 10] 

1-1 : 'Jg^-i7A^M<£:^®MS-r-&SWiC*5l,iT«. « 

[0 0 11] 1-2 : Bu#(c*3i/iTtt, mmm'py^x-^ 

S*^^^$n. -etl?.;5^3fe!tScttB#CD'J5"r>ACC)5^> 
hCDfi)c5S:W;t•5^i:^$•W^T^i-S)<i:$t^-5), L*^ 



75: 'J 5^r>A#Mc0fiKS*^*e^-5PM*^'5.-5o 

[0 0 12] 1-3 : mmizmvxit. ^mmmi&'p<D'j 

on. m^-r^miz'ft'^^m^m^-r^. ^(Dfzii>. m 
iz'^^^n^:^mmMm^(D^m<^^^(Dmmx\ u 5^ 

■i? A^S^ffi fc JgfiK $ ife fe CD i 73: 

[0 0 13] 2-1 : ±mi^miim.mmmi^x$>^rz 



10 0 14] 2-2 : @«^««IK©IXOat.»*tHilTfiJffi 

[0 0 15] 2-3 : 'Jg^'t^A-f :t>-e#tt@^«^SCD 

[0 0 1 6J S1!-pT, 2|c5£W6D3EgW«, 

t:mmt^^li\Z;$>^, 30 
[0 0 17] 

(KS*^*-r-5)AcJ60D^®] ^^^m^t.. nrnwrntm 
\z-D\,\Tmm\zm.m'r^. ^ti^®#^#ij#a-rx« 

[0018] 

cD^®(C*5l,iT U ^^-i^ A^® tM^ififiRMIfiMBS 
^7 A^B t wad? U V -® t «|g?|;a:|jigp ^ X i * 

A-^mmmt-^^(Dmc^ftmt:^mizm6s.vx. mm 
[0 0 19] mmmi^mMm(om^mizUT\t. m^tm 50 
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L/Tl*, Lis S. RCAia S<i:SiS2 , GeSj , Gaj S3 t. 

Li, P0« - X Nj X X 3 . Li 4 Si04 - x Na x / 3 , Li 
4 Ge04 - X N2 X / 3 (0<X<4) . Lis BO, - x N 

2 X / 3 (0<X<3) is.^iim\^^n^, 

[0 0 2 0] -1';*-0Sr^Wrscii:T. 

isxm ' mM(r>mz, u^^-i^A^jgizBg^m^seiw^ 

[0 0 2 1] ^^.tC, '1'::j-'j7(rJnAT. 

A^Bt<^>sj5;tt*«ss<, ^K>^m\zmwmwn.mwm 

~10- ^ S/'cniili5ii5VW:t>fe#fi;0^ltMT^-g.. 

[0 0 2 2] cin&©Mtsi««?sfe«t'0DU5^':7A7E?e^ 
[0 0 2 3] mm@i^mmm<^'j^'yA£ii^<D^m^^ 

':7A*3J;Z>';tf 'J r^A J; 0 ;i£-5P*^ ^M«n;t 1 mm&.± 
0. *^o'J5^'^A'r:i->*i€^-r-5©{C«iS;S::*:#SCD 

5^'^7A-f5^•>$^iS-r'5®{c:gji;&:5i^s®fttt^t^c^« 

iE«i^©'J5^':>A-r:r>^ji*(c:igi^*Mcif 



{ 

7 

[0 0 2 4] mwt@^mMV.<o*j^'yA£knoy 

[0 0 2 5] iJDAT. r^jDTcS^j 

[0 0 2 6] <-f:t>Bmm>m.mnm<^m^umit. 

Ttt, ^^-rn'hv^'yA^m(Dmmizmn^^n^<t'^!^ 

«®tCKSJUg^':7A, KftU^-^A, ^yYtU^^-^/A^ 

i7 ^ -y i7 tt<s< ;t >e»» nT K 5 

%JJ^±{C^rc-5 5 XIO- ^ S/cmi^JL (25^) cfr-S. cfc 

o-Mif*L.(.iug^'^A'r:t>e«ap (25'C) «ixio 

[0 0 2 8] Sfc. 'J5^C7A^J||tfi-r^>e#1tft^ 1 
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[0 0-2 9] (DBte:^^. /\D'>-*><tigj. T-i^ym^ 
ttWta^yv-, *-5V»tt'J5^':>A<!:ft^iftlS:}e^-r-5 

[0 0 3 0] @wtam»js®«^ mw) \zyvM{\L 

[0 0 3 1] (3)iE@M!^{C-1':t':7{l:-&!^<&*-tS««S?4' 

[0 0 3 2] <2mmw>±.m.<DWsm^mMmM\t.2 

-i ^ >e#tt{t-&i^«iiS^^ U A-f :^ L 

'f^>e^tt;5i<Stift^4&^, ftffico'J9"'5A^« 
20 T. «^K«<&Aagfll®tIEffi#J«<D2®i:b. :&ffi#J 

Btsffigfti^ (ffiSft'j^'^A^gtft'^-'r^) ^-^*-r-5u 

^■^A'r:t>e^ttft-&^«^lK<h-r-5<i:*{C, jEg#J 

[0 0 3 3] JEffiffliJW^, ::>cMf T-ttTlc^tWSJcS^IJJ 

«f K ® tf > 7jx-;l/^ /7 tfi T U 5^ r:? A ^ JS t 

fi*«lWt- -5. 

[0 0 3 4] ffiliM<i:;^SiEMJB«. U>$^>ft-L, 
$ e. lcKm<i:S^<^)iJ>;i< i fc— i^^^^^ty U A-r :^ 

[0 0 3 5] CWIEffi{aiB®Li^!K^i-«. 30M^%Ji(,Ji50 

mxit, mmm\zmim^-^m^t)m<u^, mtz, so 
[0 0 3 6] mm0m<Dm-^itM^^:^7!iw^L\^K rzfz 
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9 

[0 0 3 7] <m^>mMnm<r>±^<om^\-i.. sonmu; 

[0 0 3 8] it^lC, t(fie2©«itibfe«^«>*if*bVi 
ALT. ^mi::<DM.!t^\ZJ^0l^>:^—)l'RZfi7^y^^ 

[0 0 3 91 (iE«) 30 

<un> 

[0 0 4 0] lEfficDMKfca. mm^^^<7:>n-<>yp 
izm^m.^^^vfthco^mM'v&^o /N'oytux 

ft, LixCoOz , LixMnz O4 . LixNiOa 

(o<x<i) (D{};^f£< th—mAwm-^&^o ^e. 40 
[0 0 4 1] ^com, iEffi«K4'©w«iS4J'^*t, 'r:7^ 

[0 0 4 2] WtSiS^J-^fCiBacD^Bin^fflViTt^^t., 
LiPFs , LiCFa SO3 cDF^cOfsjndiCD 'J ^^-^z 
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i: o T t^it O^^iSj; Z/sfem®^ Wig^ffifiP 

[0 0 4 3] jESffiJC:, U^^C^A-f :t>e»tt 

;^<-r-5:ii:*^Bjtgi:75:-So ;i®a<*«^Mi: LTfl. 
10- ' S/cmfiA 
[0 0 4 4] <jEai'f OWta««?e>«?fiWtttgJiCD|| 

-fflMi^^**^ e> , mmnmn=s:^±izm^-r^ z. t. \tm 

[0 0 4 5] ^mmMm.ffimmhu^iJT.oy^^-r^:^ 

t}=.XL. \zmv-z\t.^tz.yfmti.^ ^$>^a^, mmnmm 

-v, mm9.mm<^'^^m=^^m(Dio%&,Tt±miz{s.m 

[0 04 6] m^mMmmm c tf > i7^y^ 

cT', mmfiiz^^-r^^mm.mm'Srmm'r^z.iiiz^ 
rz^winm^isjzu^^it^mi^L-c^^mm^&,Tizwi. 

[0 0 4 7] ^— fC. WtS6««f^cD'f:i->e#«<&@|*: 

nMn»m<r)^n&,Tiz^^^c c:ti«. fcf>siN— 
e^ft ®iif i.i@#:«MK«;KB L- TL i -r :^ >7^^&m. 
6 u A-r ;t >-e#*5{>^\ mmmi$^m.Mn<D^tij: o 

[0 0 4 8] mmmmmffi-f ^>&mm^iS:T^-&^:^ 



( 

11 

€ria^$-ti--5Ci:, ^ > (Sulfolan 

e : Tetrahydrothiopbenel, 1-dioxide) ^^i^(0:^tcM 

[0 0 4 91 ^-(c. ^m.mM^i)^'}^^L,^miz&m. 

[0 0 5 0] m^iz. mmnmrnA^u^oA^miimm 
^t^««¥S jSM<Diij«;<»tje ^ T fe . #ts«»«g>6«sai U T 

[0 0 5 1] U5^'i7A^JSi:O^«i{CJ;0@{*:ft. iSiW 

^. 

[0 0 5 2] (.MM) 
^©*^*^JtbT«, In, Ti, Zn. Bi, Sn^t©-^^** 

[0 0 5 3] S7t, dou^^-^A^WMJI^o^Mtc. g 

;1«AK In, Bi, Zn, Pb;^i:^cD^il^M<£:J^fi£LXt,^ 

mmT&iz^^Ti^^ni/tmm-^ti^o $e.{c, ai. in. b 

i. Zn, ?bttiHiit^&(j:k:^izMl^T^^-xr$>0. cti 
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[0 0 5 41 ±fEou5^0A-&wt^^s^«. nmnm^m 

[0 0 5 5] <SMffi$>ft@©«Mia$ (Rmax) fc« 
?a©tttgfC:*:^<^®^J^X.^. Rinax{itT0.01R±5 M 
mJJATJ&WSLUi. Rinax;0«0.OlMin*}a©«^-e«. MM 

20 KS(i:®^»;s^^*t»en-r, fijiitb^-r<^i:*. * 

ft. ^«©Kg, P3tt^cCg^'!7A^S©#fl±S, 'r::f>{t 
H«RUT^i-5t)©tM^Dn-5. — Rmax*<5 

[0 0 5 6] («?l&©J^tt • mm.) &.±(D^ o tS-sE^M 
lEffitf-S, e:n&©S-&#:i:iESi^-&^*cUT, 

«?a©fl&, nmnm. mm^mmvTmK^itiz 

40 =fcc.TR^«(-Lfcfe©Tt)Al.^><, 

[0 0 5 7] ^fc. jEmtmiiimmm:mt(omiz^/^u 
— ^'^iftttT'fcAVi. ■fe/'t^— ^'©wKtbTtt, g^ 
oA^^ytmmT'^^mn^mi., mmmismiz^m 
tr^^b7tt)©i&^t,i^. ■eajAts, jf;gyDbfu->, ^ 
g u >, 7 s^Mflg, g 7- = i^mm i:*^ e. 

[0 0 5 8] ;3:*5, nm^zmm^^o^'yA^mun^ 
miixii<!i^mtrj.<, Mm<Dmm^±iz. mmzmm' 

50 H«:««?Ke*?g^Ufcfl|jfiT?*oTfe3«i-{cg5^'7A 
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[0 0 5 9] 

i^m<Dmm<omm} kit, ^^m(omm<Dmm'&mm 

i'$ktSm\-\) Mk%.Wt.1S.^m^mixm. lOOminXSOmm 

-^fhjWLT. Rinax=0. iMm-Cafeofe. 
[0 0 6 0] CWJ^-I^^A^JS-hfC, RF-7^^^hD> 
X/ty^ffitiO. Liz S-SiS2 -Li4 SiO^ O®^!^* 

^K^£:?^fiXbfc. J?*{ilOMm-^&0, ^i^CD^a^ti. 20 
EPMA (Electron Probe Micro Analyzer) ^iSr<Df^ 

=EJU\tm-V. Li (0.42) -81(0. 13) •N(O.Ol) -0(0.0 
1) • S(0.43)-C&-5C:i:*i4i'*^oi'S:. ^ft. XiSHl^fr 

[0 0 6 1] xg^U'>;^-5l<^-h(EC)tyDfcf^>* 
h(PC)CDig-&Jg<£JJDllftUTsi^'J Ti7Ut2-hU 
;KPAN)«:iiBiSfit3j$»S-a-/t'b®*?&»L, LiPFe *t 
^^L.TV^'SEC. PCil-&?g?^#filC-&Wr-5PANSrf^^ 
•r-5. COPANttJfC. Si^Ki;4^LiCo02 i|a^*3d;aC« 
^e»14<£ft#T«^m«l[^*S^b. 100;imiilCD7 30 

[0 0 6 2] mi^mmm.mt:m!S:vrzu^'yM.^mii. 

[0 0 6 3] -e-LT, «gi!Ml00inA©^#T?-?-®3fc6!^tt 

3.0VT®#att0.5Ah(T>'^yB#)Ta&o;ito Sfc, X 
^;i'^-^fi«, 490Wh('7>y h^)/l(U h;WTS>o 

/to 

[0 0 6 4] 1^— CD^#T1000llI©it-f 40 
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[0 0 6 5] iE®«f«ei^Ki:LT. LixMn^ 0, . Li 

xNio^ ^ffifflLTfc, mimmizmmtm^nrz. ^ 
t), mmz ^ttjFfsif^^f)mibnrzo ^^ic, ««K<hL 

Tfe> LiBF^ , LiC104 , LiCF, SO3 CDt'nT&^^-^Wf 

[0 0 6 6] (mmmi-2) ^mmi-uz^vtzmmmss. 
tzid\,^T. mm^MtLx, ?Mi?ki^mz^^x, /}?u 

TXU H^SS^J-^SrfiefflUit. $ 

{C. ^KDlS^'f-UUiZ, liSd^O. l/im~0. 5Mm©. Li 
(0.42) -81(0.13) -0(0.01) • S(0.44)m^©gS[ife^$-10 
dODSite^tS, Liz S-SiSz -Li, SiO 

it.350u.mtZVfz„ 

[0 0 6 7] c:®sSf^Lfe«?l6©5(£te«i^1t^iFiiiU 
fc. 3te«fl:m*4.2Vi:L, 50mAiii:«JCJ:O, 

3. 0VCO:fe««JE(r43ttS^S«0. 49Ah (T >^y^) Tfe 
ofco Sfc, X-^Jl^^—^mi. 400WhC7->' hB#)/'l 

VJ -y hMx&^fz. se>{c, i^i:;^f^-rioooiHio-tJ--i' 
[0 0 6 8] mmmi-3) mmmi-ix^hfzmi&m^ 

0. ^ffittfC-O^t^o mz, iEmo:)m^it2 um£l.±lQ 
OOiimi^T. ftffi<^i?*-Hl Mm£A±200MmJitT. « 

[0 0 6 9] 

[ai] 
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0. 02 


0. 004 
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10 


20 
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0.4 


100 


10 


400 


20 
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500 


10 


1500 
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20 
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0.04 


300 


10 




300 ni-e 
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300 


10 




50 


10 


300 


10 




50 


SO 


300 


10 




50 


too 


300 


6 





[0 0 7 0] {mm.m\-A) m:m.m\-\-r^^i.tzn.mm^ 

Affi®®ffi$*i5 Mm<&@;^^t, «^K«Jcfcf> 



•5. 
[0 0 7 1] 
[«2] 











(Raaz/Mn) 














(1000 @) 


0.001 


10 






0.005 


10 




«s 


o.oi 


10 


*IL 




0.1 


10 






1 


10 






3 


10 




«^ 


5 


10 


ML 




7 


60 




300 la-TfMli 



[0 0 7 2] (HJg^aji-S) ^Sg0iJl-2-I?^L7t«flfe«^ 

CDTEM (Transmission Electron Microscope)^tC«J;-5 
- i^^-fy^i. MfiKtSLia NT, -?-®j?*.ai^lOO;t> 

[0 0 7 3] C:cDgtf^L>t«?fi©3S»«i^14i£fF<ffiL 

fco ^e.fc, ci0i^i;^f^TioooiHi<©-y--f 

[0 0 7 41 (IIM*«J2-1) jl^20wmT100iimiX50iiiiii® 



[0 0 7 5] 18fErt<^<&-g-^-r-S'J5^'5'A'f:t>e#tt<t 

-&;fe©^;^CD?^fiE{C«, Liz S-SiSj Og-g-t)^^'— y 

iKSJ^figbfe. ff*-«10Atin-ea&O. EP 
MA (Electron Probe MicroAnalyzer) ^ViOi^M. * 

Jlit^T, Li : Si : S=0. 42 : 0. 13 : 0. 45-trfe-l) d <t?5^ 

^■A^-Dft, ^tz. mmifr-r^lt. /\D— /i^->«<^-c 
[0 0 7 6] ^ft#)^-^W-r'5'J5^'i7A'r;t>e#'tt-fl: 
e#tt{l:^#i©iitj^co±{c$6(c. Lis PC, '^^—y-y 

[0 0 7 7] :icoMmio^zfmmmm^:^^'P(zT, e 

[0 0 7 8] X^l/>;t)r-j}^;t;- h (EC) (i::/Ptri/>. 
50 ^—:^^—h(P0(Dm-^m^1mmi^X^fJTi7fJU-h 
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u;i/ (PAN) ^mm&izmm-^-^Tz^oy'&i^&LT. u? 
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(54) LITHIUM SECONDARY BATTERY 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a lithium secondary battery restraining a short circuit caused by a 
generation of dendrite from a negative electrode, having a high energy density, and providing an excellent 
charging/discharging characteristic. 

SOLUTION: A lithium secondary battery has an electrolyte layer, a positive electrode, and a negative electrode 
made of a material containing lithium. The electrolyte layer is made of an inorganic solid electrolyte, and the 
positive electrode contains an organic macromolecules.. The electrolyte layer preferably contains at least one type 
selected from a group comprising oxygen, sulfur, nitrogen, sulfide, and oxynitride. The conductivity of lithium ion of 
organic electrolyte of the positive electrode is preferably lower than that of the inorganic solid electrolyte of the 
electrolyte layer. 



